Autoimmune myopathies are potentially debilitating (or even life-threatening) diseases 1 characterized by muscle inflammation (myositis) with subsequent weakness. Two classic forms are polymyositis (PM) and dermatomyositis (DM). Since persons with inflammatory myopathies are at risk for substantial morbidity and disability 2, 3 , these diseases, although relatively uncommon, are believed to have an important effect on healthcare costs. The most effective treatments for these diseases include corticosteroids, steroid-sparing agents, and intravenous immunoglobulin.
We previously evaluated the prevalence of inflammatory myositis in Quebec, demonstrating PM and DM to affect as many as 1 person in 5000 4 . However, estimates of the economic burden of inflammatory myopathies have not been published, to our knowledge. Our objective thus was to estimate health services costs in a large sample of patients with inflammatory myopathies, and to evaluate potential predictors of cost in this population.
MATERIALS AND METHODS
In Canada, each province's healthcare system is publicly funded and mandated to be universal and comprehensive. We based our analyses on a cohort of patients assembled using physician billing and hospitalization databases from the Canadian province of Quebec. We identified diagnoses of inflammatory myositis from January 1, 1989, to January 1, 2003.
The billing database documents physician services (visits and procedures) for all Quebec citizens seeking provincially reimbursed healthcare; the hospital database records all hospitalizations, including discharge diagnoses and length of stay. For both databases, diagnoses are provided as International Classification of Diseases codes (e.g., DM 710.3; PM 710.4).
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For identified patients who remained alive as of January 1, 2003, we determined health services costs over the following year. This included all physician service use (visits, outpatient procedures, and surgeries), major diagnostic tests (primarily imaging) and diagnostic procedures (e.g., biopsy), and acute-care hospitalizations. Average costs of health services were calculated by multiplying health service use levels by the appropriate unit prices. For physician visits, procedures, and diagnostic tests, costs were determined from government fee schedules 6 . Acute-care hospital costs were based on data from the Ontario Case-Costing Initiative, adjusted to reflect Quebec healthcare wages 7 . We generated an estimate of these health services costs, in 2008 Canadian dollars, using inflation data based on the Bank of Canada's consumer price information 8 . As has traditionally been done for rheumatic diseases 9 , estimates include all services received, regardless of whether they were provided for myositis or a comorbid condition.
Multiple linear regression analyses were performed to establish whether specific factors were associated with health services costs in the myositis sample. Covariates included available demographics (age, sex, region of residence, and local income as a marker for socioeconomic status) and disease duration. These variables were included because they have been shown as potential factors of importance, influencing medical costs in other rheumatic diseases 10, 11, 12 . Our income covariate was defined using postal codes and information from the Statistics Canada Census on each subject's neighborhood income level (grouped into tertiles). Disease duration was based on the first date that each patient had a physician visit or hospitalization coding for myositis, within the administrative databases. Because disease severity also has been noted to play a potential role in medical costs for patients with rheumatic diseases 13, 14 , we also assessed the effect (on cost) of whether a patient had ever required hospitalization for the inflammatory myopathy (based on primary diagnoses in the hospitalization database). A variable for disease type (PM vs DM) was also included in the model.
The distribution of healthcare costs, in dollars, deviated from normal. Thus, for the regression models, we transformed the outcome by taking the natural logarithm of cost, which has a more normal distribution. Hence, the coefficients for the variables in the model can be thought of as approximate percentage change in cost, rather than additional dollars due to a unit change in a predictor.
RESULTS
We identified 1102 cases of inflammatory myopathies in the provincial database. The majority of the subjects were women (68.9%). The average age of the subjects was 57.4 years (SD 18.4); the average disease duration as of 2003 was 6.3 years (SD 4.0). Regarding economic burden, the average cost of all reimbursed health services, in 2008 Canadian dollars, was $4099 per patient (SD $9639). This reflects the total cost of all reimbursed health services, per patient, including the cost of comorbidity; the large SD indicates the high variability of health costs among individuals. Hospital costs contributed a high proportion (74%) of health services costs, with physician visits contributing most of the remaining costs. About a quarter (24.2%) of patients studied had a hospitalization in 2003. Table 1 provides a summary of potential determinants of cost, on the logarithmic scale. Age, as well as being a significant predictor of total costs, was associated specifically with physician services costs, and was the main predictor of hospital costs. There was also evidence of decreasing total costs with increasing disease duration, which may have been due to a declining requirement for physician services over time. Being a woman was a predictor of costs related to physician services, but not hospitalization. Our marker of disease severity (requirement for hospitalization for myositis prior to 2003) was a significant predictor of both total costs and hospital costs.
DISCUSSION
Our analyses used administrative data, a situation that precludes clinical confirmation of our cases; however, using our "composite" case definition based on either 2 or more physician visits or 1 or more hospitalizations, the prevalence estimate of inflammatory myositis in Quebec for 2003 is estimated at 15.6 cases per 100,000 4 . Accounting for incomplete case ascertainment, the prevalence in our aging population could be as high as 21.5 per 100,000. We relied on the International Classification of Diseases, 9th ed., which has specific codes for PM and DM, but does not have a specific code for a related condition, inclusion body myositis (IBM).
Since IBM is often initially clinically difficult to distinguish from pure inflammatory myopathies, it is likely that some of the PM cases we identified through our administrative datasets were actually IBM. However, stricter, clinical criteria for case identification may miss some cases of autoimmune myopathy, as noted 15 . Thus, our approach, combining both hospitalization and billing data, seems to be a reasonable attempt to maximize sensitivity and specificity. We have confirmed that the economic burden associated with inflammatory myopathies is substantial. In our multivariate regression analyses, we found evidence that age, shorter disease duration, and our marker of disease severity, were all independently associated with higher health services costs.
Age is a fairly consistent correlate of medical costs, and in part may reflect the greater accumulation of comorbidity (such as arterial events) that occurs with age 3 . As well, in our sample, age (treated continuously) was itself a predictor for the outcome of hospitalization in a separate logistic regression (the OR for hospitalization, due to age, was 1.02, 95% CI 1.01, 1.03). Thus, much of the effect of age as a driving force behind cost is related to hospitalizations (although age was also clearly associated with higher physician costs and higher total health services costs).
That being a woman was a predictor of physician costs may reflect a greater likelihood for women to seek medical care rather than a tendency for greater disease severity in women compared to men. In fact, it has been noted that women with DM are less likely to present with florid muscle weakness 16 and more likely to have a favorable course, as compared to men. Our results suggested decreased costs in patients with an income in the upper-tertile income bracket, which again suggests the importance of socioeconomic status as a predictor of treatment outcome.
We found that the highest costs for inflammatory myopathies were incurred early in the disease course. In contrast, in at least 1 study, the costs related to patients with primary Sjögren's syndrome increased over time, while there was no appreciable change for a comparator group with rheumatoid arthritis (RA) 11 . Because inflammatory myopathies have been associated with underlying malignancies, some of the cost early in the disease course may be due to the fairly extensive laboratory investigations that are done to rule out this complication (especially imaging), but we note that diagnostic imaging was not, on average, a particularly high-cost component of health service use. However, some of the cases were diagnosed over 20 years ago, and current costs may in fact be higher, for example because of the increasing availability of imaging and other expensive cancer screening tests.
One potential message to be taken from our work is that hospital costs are an important component of the economic burden generated by inflammatory myopathies. For reasons both economic and social, this may indicate the importance of prompt referral, diagnosis, and treatment (which might prevent the need for hospitalizations), especially since delay to diagnosis has been shown to be a predictor of poor outcome in DM 2 . Of course, our study does not provide specific evidence to support this hypothesis. It may be that higher hospital costs are due to profound impairment in mobility for patients with inflammatory myopathy who have a very florid and catastrophic presentation requiring hospitalization. In that event, the recognition of high costs related to hospitalization can still encourage prompt treatment that might allow earlier discharge, for example. Table 2 compares our findings to cost estimates for a similar array of healthcare services in other serious rheumatic diseases, such as RA 9 and systemic sclerosis 17 . The bottom row of the table provides average annual cost estimates for health services for each disease in 2008 Canadian dollars. This suggests that the mean financial burden due to inflammatory myopathies may be at least as high, or higher, compared to other complex rheumatic diseases, such as RA and systemic sclerosis.
To our knowledge, no other detailed studies of the economic burden of inflammatory myopathies have been published to date. Our study is novel, but our dependence on administrative databases does entail important restrictions on the type of cost elements that we could study. We did not assess indirect costs (that is, the economic burden related to lost work productivity), but given the high disability in patients with inflammatory myopathies, indirect costs are likely to be considerable as well 2 . Regarding our evaluation of medical services costs, we were able to use administrative data to assess the major contributors to direct costs, except for medications (which are not comprehensively recorded in Quebec's prescriptions database) and assistive devices.
Our estimate of health services costs does not include allied care (e.g., physical and occupational therapy, etc., which are not recorded in Quebec's administrative data) and our diagnostic test category does not include high-volume 
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Our work emphasizes the high cost of inflammatory myopathies. For patients with inflammatory myopathies, health services costs seem to be at least as great as, or greater than, those for patients with other serious rheumatic diseases, such as RA and systemic sclerosis. The estimates we produced will be useful to researchers, consumers, decision makers, and others who are interested in the economic burden of inflammatory myopathies.
